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ABSTRACT 
 
 
 Activated carbon from agricultural waste can be produce from various methods, 
either through physical activation or chemical activation. The studies involve on 
producing activated carbon from decanter cakes by using chemical activation method. 
The chemical agent use is zinc chloride as in previous research; the agent is very 
efficient in producing activated carbon with high surface area and large pores. The 
efficiencies of the activated carbon are tested with the removal capacities of organic 
waste such as phenol. Phenol is chosen because phenols are widely present in the 
industrial waste and its effect is harmful to the environment. For the preparation of 
activated carbon, the suitable ratio of zinc chloride to the decanter cakes is 3:5 and the 
effective temperature of pyrolysis are 700°C and 900°C. For the pH effect, the removal 
is increased as the pH increased from 2 to 6 and starts to decrease at pH of 8 until 12. 
Activation with zinc chloride can remove phenol more than 90% at optimum condition. 
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ABSTRAK 
 
 
Karbon aktif daripada hasil buangan pertanian boleh dihasilkan melalui pelbagai 
kaedah samada melalui pengaktifan fizikal atau pengaktifan kimia. Kajian ini berkisar 
tentang menghasilkan karbon aktif daripada lumpur yang terhasil daripada proses 
pengasingan minyak dari lumpur kelapa sawit. Proses mengaktifkan karbon ini 
menggunakan kaedah pengaktifan kimia. Agen kimia yang digunakan ialah zink klorida 
kerana kajian yang lepas menunjukkan agen ini amat efisen dalam menghasilkan karbon 
aktif dengan luas permukaan dan liang yang besar. Keupayaan karbon aktif ini diuji 
melalui penjerapan komponen organik seperti fenol. Fenol dipilih kerana ia banyak 
dibuang oleh industri-industri dan ini memberikan impak berbahaya kepada alam 
sekitar. Dalam proses menyediakan karbon aktif, nisbah zink klorida kepada lumpur 
kelapa sawit yang sesuai ialah 3:5 dan suhu optima proses pirolisis ialah 700 dan 900°C. 
Untuk kesan pH, penjerapan fenol meningkat apabila pH larutan meningkat daripada 2 
hingga 6. Ia mulai menurun pada pH 8 hingga 12. Pengaktifan dengan zink klorida boleh 
mennyingkirkan fenol sehingga lebih daripada 90 peratus pada kondisi yang optima. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
1.1  Introduction 
 
 Activated carbon (AC) is the carbonaceous material which plays an important 
role in adsorption process. Its ability to remove organic and inorganic chemical waste, 
odor, color and taste from any kind of chemical industry process is based on their 
amazing properties. Activated carbon has high degree of surface reactivity which can 
influence its interaction with polar or nonpolar adsorbates. Besides, it also has higher 
surface area and micro porous structure. Activated carbon are widely use in wastewater 
treatment to remove harmful chemicals and heavy metal, industrial waste water or 
industrial flue gas. Their application in industry includes removing organic and 
inorganic pollutants from drinking water, industrial wastewater treatment, decolorizing 
of syrups and purification of air and pharmaceutical products.  
 
 Because of their wide usage in industry, the demand of the activated carbon is 
increasing year by year.  Commercial activated carbon is quite expensive. As such 
industry now seeks for the cheapest activated carbon derive from agriculture waste or 
residuals. The residuals can be rice husk, palm oil mill sludge, sawdust or other 
carbonaceous material. The raw material were processed and optimized to obtain 
excellent adsorptive properties. Activated carbon can be produced either by physical 
activation or chemical activation. Chemical activation only involves single step in 
heating process to activate the carbon. This process needs chemical activating agent such 
2 
 
as ZnCl2, KOH, H3PO4 or H2SO4 to enhance carbon yield and produce micro pores on 
the surface of the carbon. Physical activation involves two steps of heating process and 
does not involve any chemicals.  
 
 Phenol is an organic chemical usually present in industrial waste water. The 
substance is very dangerous to human even in small concentration. Phenols are long 
term effect pollutants and can be found in industries which produce chlorophenols that 
are widely used as fungicides and insecticides for agriculture sector. Phenolic 
compounds widely used for the commercial production of a variety of resins. Phenolic 
compounds in potable water emit an unpleasant odor and flavor in concentration as low 
as 5µg/l and are poisonous to aquatic life, plants and human as a product of the bio-
concentration. Ingestion of phenols in concentration from 10 to 240 mg/l for a long time 
causes mouth irritation, diarrhea, and excretion of dark urine and vision problems. 
(Navaro et al 2007). Besides, World Health Organization (WHO) followed the EPA’S 
lead the same year by establishing the maximum level of phenol concentration in 
drinking water at 1µg/l.   
 
Hence activated carbon is the most suitable material to be used to adsorb this 
harmful chemical because of their larger surface area. Decanter cake is the rich 
carbonaceous material which remains after separation of oil from the sludge. The 
potential of decanter cake to adsorb organic chemical such as phenol is studies. 
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1.2  Identification of Problem 
 
 
 The activated carbon derives from the agriculture residual seems to be increasing 
and hence the activated carbon produced are cheap. It has the excellent properties to 
adsorb harmful chemical such as phenol, arsenic, and other heavy metal from drinking 
water and industrial wastewater stream. Malaysia is the third biggest producer of palm 
oil in the world. Tonnes of residual are producing include sludge disposes to the land. 
Besides it will consume more money for the mills to manage their waste. Phenol is 
highly toxic and present in most of industrial wastewater. To treat the wastewater that 
contains phenol is important for the environment. Phenol can cause damages to kidney, 
liver and pancreas when enter the human body through ingestion. It react with the body 
by degrade the protein and cause tissue erosion. (Qadeer and Rehan, 2002) 
 
 
 
 
1.3  Statement of Objectives 
 
 
i. To produce and characterized the activated carbon from the palm oil sludge by 
using chemical activation process. 
ii. To study the optimal condition (temperature of pyrolysis process, the shaking 
time and the amount of activation agent i.e. ZnCl2) of adsorption process.  
iii. To study the effect of initial concentration and initial pH of the phenol solution 
to the adsorption capacity. 
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1.4 Scope of Research 
 
 
i. Particle size of activated carbon is 125µm for chemical activation process. 
ii. ZnCl2 to sludge mass ratio of 2:5 and 3:5 
iii. Temperature and time is 85°C and 8 h for impregnation sludge with zinc chloride 
by magnetic stirrer. 
iv. Temperatures of pyrolysis process are 300°C, 500°c, 700°C and 900°C. 
v. pH of initial phenol solution are ranging from 2 to 12 
vi. The amount of adsorbent ranging from 0.05 to 0.2g for adsorption analysis. 
vii. Concentration of initial phenol solution are 25, 50, 100, 150, 200 and 250 mg/L 
viii. For phenol analysis, by using UV-visible spectrophotometer, the wavelength 
used is 725nm.  
 
 
 
 
1.5  Rationale and Significance 
 
 
This research is done based on the significance of activated carbon production in 
Malaysia. In the future Malaysia would be the leading of producer of activated carbon 
from palm oil mill sludge. The sludge can be recycled into profitable and valuable 
product. It will give the benefit to the environment, country development and the palm 
oil mill itself if the sludge were converted to activated carbon. The palm oil mill 
industries will reduce the space for decanter cake’s disposal. The activated carbon 
produce play an important role to remove carcinogenic substance such as phenol from 
the plastic, paint and dye  industries effluent before discharging to the water streams, sea, 
lakes and rivers. Hence, this research would give benefit to the palm oil milling and 
chemical industries to manage their waste disposal.  
“The processing and transformation of agricultural residues into activated carbon 
with  good adsorption properties would alleviate problems of disposal and management 
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of these waste by-products, while providing a high quality end product for water and 
wastewater treatment that could potentially expand the carbon market (Kalderis and 
Bethanis, 2008).” 
 
 
 
 
 
CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
2.1  Definition of Activated Carbon 
 
 
 Activated carbon is the carbonaceous material that is very effective adsorbents 
for organic compounds. Activated carbon is versatile adsorbents. It can be produced 
from carbonaceous material in order to provide adsorptive properties. The adsorptive 
properties depend on their high surface area, microporous structure and high degree of 
surface reactivity. The chemical structure on the carbon surface will influence the 
interaction between polar and nonpolar adsorbates. Activated carbon can be used to 
adsorb organic and inorganic species either from gaseous and aqueous phases. Activated 
carbon’s properties depend on: 
 
i. Chemical and porous structure of carbon (nature and concentration of 
surface chemical groups). 
ii. The polarity of the surface. 
iii. The carbon surface area. 
iv. Pore size distribution. 
v. Physical and chemical characteristics of adsorbate. (Bansal, 2005) 
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2.1.1  Application of Activated Carbon 
 
 
Activated carbon is widely use in industries. Examples of its usage as: 
a. Removal of Nitrogen from air. 
b. Removal of Hydrogen from syn-gas and hydrogenation process. 
c. Recovery of solvent vapors. 
d. Removal of SOX and NOX. 
e. Purification of helium. 
f. Decolorizing of syrups, sugars and molasses. 
g. Water purification in removing phenol, halogenated compounds, pesticides, 
caprolactum and chlorine. 
h. Purification of many chemical, food and pharmaceutical products. 
i. Air purification in inhabited spaces likes (restaurants and food processing 
industries). 
 
 
 
 
2.2  Activated Carbon from Agriculture Waste Based 
 
 
“Liquid and solid waste, are a huge and always increasing problem for the 
industries and the environment. One of the most popular ways of dealing with solid 
waste is its use as a raw material for the production of activated carbons that can be 
subsequently employed for the removal of pollutants from liquid waste. As adsorbents, 
activated carbons bear extremely large surface area, with varying porous structure 
consisting of a network of interconnected macropores, mesopores and micropores. Their 
surface area also presents great diversity in terms of surface charge and surface groups, 
depending on the original raw material and the way of activation. For a raw material to 
be used for activated carbon production, it should have high carbon content. Agricultural 
waste is commonly exploited this way (Michailof et al, 2008).” 
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 “The activated carbon can be derived from agriculture waste for example palm 
oil mill waste, rice husk, olive waste, dates stone and other agriculture residuals. The 
carbonaceous material of agriculture waste made its very suitable for use as activated 
carbon. But the properties must be enhanced by the carbonization process. There are two 
steps in carbonization process, chemical activation process and physical activation 
process.” (Bansal, 2005) 
 
Two processes involved: 
 
a) Chemical activation process: 
This process involve only single step of carbonization process. The activated agent must 
be used before carbonization takes place. The activated agent can be zinc chloride, 
sulphuric acid, potassium hydroxide and phosphoric acid. This agent will increase the 
surface area and reduce the ash content of final carbonized products. The chemical 
activation process is most popular because only required single heating and the 
temperature use usually lower than that of physical activation. But the process can 
generate secondary environmental pollution due use of chemical. 
“Chemical activation presents two important advantages, a much higher yield (27–47% 
for chemical activation and 6% physical activation for 2500 m
2
/g activated carbon 
fibers and secondly the surface of the fibers prepared by chemical activation is less 
damaged than by physical activation.” (Maciá-Agulló et al, 2004). 
b) Physical activation process: 
The physical activation involve oxidizing the raw material at high temperatures before 
the presence of an oxidizing agent, usually, water steam. Because this is an endothermic 
reaction generally, a constant 800°C temperature must be generated. The temperature 
varies depending on the raw material. 
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2.3  Application of Other Waste as Activated Carbon 
 
 
 Any carbonaceous materials are potentially becomes activated carbon. Besides 
low cost of raw material, these materials are easily found in many agricultural wastes. It 
can be alternatives for the synthetic activated carbon as the efficiencies are similar or 
greater than the synthetic activated carbon.  
Highly cost of synthetic activated carbon nowadays have been attempts to utilize 
the low cost, naturally occurring adsorbents to remove trace organic contaminants from 
wastewater. Organic wastes that can be used to remove organic contaminants from 
wastewater stream are fly ash, peat, soil, rice husk and activated sludges. In particular, 
dried activated sludge may be used as low cost, natural and abundant sources for the 
removal of phenol. Calace et al (2002) proved that papermill sludge has a potential to 
remove phenol from wastewater over a range of concentration more than 800mg/L. 
Papermill sludge also can be used as low cost and natural abundant sources for phenol 
removal. 
“Biomass from wastewater treatment plant could be used as a biosorbent since it 
mainly consists of bacteria with cell walls that essentially contain various organic 
compounds such as acidic polysaccharides, lipids, amino acids, chitins, and other 
cellular components. These materials interact with chemicals resulting in a passive 
uptake of chemical from wastewater to the microbial cell. The main biosorption 
mechanisms appear to be extracellular interactions, complexion and subsequent 
accumulation, passive sorption at binding sites on the envelopes of cells, and 
intercellular accumulation.” (Lister and Line, 2001). 
In Mediterranean, olive husk has been choosen to be an alternative source of 
activated carbon. Stavropoulos and Zabaniotou (2005) had claimed that activated carbon 
from olive kernels or olive cake presented interesting properties and suitable to be a low 
cost effectively activated carbon. 
